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ABSTRACT 

PROBLEM TO BE SOLVED: To provide a technique for remov i ng catalytic 
elements from a semiconductor film containing silicon, while leaving the 
characteristic features of tow-temperature process. 

SOLUTION: An amorphous film 203 containing silicon is formed on a glass 
substrate 201 and crystallized by use of catalytic elements. Subsequently, 
an impurity element which belongs to the group 15 is selectively introduced 
into the thus obtained crystalline silicon film to form gettering regions 
208 and 209 and a non-get ter i ng region 210. Further, the catalytic elements 
in the silicon film are transferred to the gettering regions 208 and 209 by 
heat treatment. Through these gettering steps, there can be obtained a 
crystalline silicon -film 211 with the catalytic elements being reduced in 
amount to a satisfactory extent. 
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film to gettering area by subjecting substrate to heat processing at 
specific temperature range 
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Abstract (Basic): JP 10270363 A 

The method involves forming non-crystal semiconductor film (203) 
containing silicon on insulated surface of a glass substrate (201). The 
non-crystal semiconductor film is crystallised by heating process. The 
crystallisation of the non- crystal semiconductor film is enhanced by 
using catalyst element. 

A gettering area (208,209) is formed adding impurity element 
belonging to group XV. The catalyst element in the silicon film is 
moved to the gettering area by heat processing at a specific 
temperature range. 

ADVANTAGE - Reduces catalyst element even at sufficient low 
concentration by gettering process. Provides semiconductor device with 
superior electrical property and high reliability. Offers easy removal 
of catalyst element by low temperature process. 
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(Dili, 

at, 

> u's^> 

x ^SSSIS "CtT ^rt o r. t x ito *MU*3SB 

*: ft* t- 5 ttttE5c X * « SC i* A^T ^)S2^Ii>, 
JjpSfc&Sfc J; 9 mriE*a a BK^* / *SI^ / >^< c t>-SB* 

Lt 1 5KiC;»i-5^W*7E**51aRW«Ci»A-1-5^4 

coxai, 

SiciiJtsAPSitoafiSoO —650 "C^^S^H^tT^rt 

**fii"5tt»E7c**:*Ai-5B 2 coxS£ , 
iPjRfflatd J; 9 mJE^B a s Sf ***ai%Se*^ 5 it o ^ 3 

coxm>, 

u - if - it * /t Ji * ss 4 s 4 ^ is t . 

L 5ffiica^S^M%^a%il5^W(C*A^SM5<OX 
Si, 



wiEse^xasc^Nts^p^jaasiimEJi-tEoai^srffl 

x_ ^ i * ffiSffiffl T* ft t> 3 Z > £ its S 

f^M^MtoI 1 £0XfI> , 
^Wfi^ottsSTuSt^rilsRWtcaiAi-a* 2 ^iSi, 

SeAte cits is 3 xa > , 

u - if — £ fc ii S£3t *: fig*f-t- 5l4^Ii> l 

SPgfc&Sl'.c <fc '0 SuE^#&7&*'r»A L fcSBSc{c*fE« 
^TE^^y-y ^ 'J >^c"it5£6c0XSi:, 
i: fc^. 

9fTE^6 <^XS5C^it 3*PSftiaSJiMffiSffi^S.'S*:ffl 

[M*^7] Ii3R2R5 Sfctt6 IC^J^T, stjf£^4oOX 
STl#^nfca^^^^^*^>^> ^B e a^#'r*i- 

[IB*ii8] 11*^15 ^Jt^6 ;c^^-C, SIJIEIS60X 
S{cioit5SP?Rft!fatt550 -650 t^^atEH'C'tT^ri 

[IS* 3 ! 9 1 IS* 3 ! 1 , 2, 5 6 {CjbM^-C, 

[f**JSi o] l**is i , 2, 5 ^fziie ic^s^-c, In 

[11*^112] 2, 5 ifcli 6 ! <zZ>^X. m\ 

EttsSC7C*i : -*C, Ni, Co, Fe, Pd,Pt, C 

ZZ> *:!!*«>^5**#3SBwf^»*fe» 

[»*2«i 3l- i , 2, 5 *fcji6:ci5^-c, atr 

E L 5ttiC«-r5^*B»7C*itt, P, N, As, S 
[0 0 0 I ] 
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in Film Transistor: TFT) ^fES^^CM"*" 

[0002] fcio, *p^aawci5^-c. ¥^<*3sa£Ji 

[0 0 0 3] 

[0004] 7;f^y-7M;; ^®i«B a B«^3S«ii , 

[ 0 0 0 5 ] r<7)^ Ky^^-aK-^nv?^ 

[0 0 0 6] *5E^#'ofi, #5*S«i:KS§Stt£* 
JK*f#5fc«>Ofifi5i: Lt^¥7 - 1 3 0 6 5 2^ 

[0 0 0 7] r^eWli*a5E*^^JC«t9**KS 

^alYticiSi-S^BSJt l/5-l/10«c*-Ct£3*i- 
5 ^ >^-C't ^ 0 ~ ^ fTtfri- J: o T t# b 5 *Sal 

[0 0 0 8] 

[&Wf>mtkL <fc 9 i+3a$S] -h!£,«&7C 
[0 0 0 9] *fc. TFT<0«tfcl*»C»#Lfc*«E5E 

ibtt^OTmijEasaa/jimatroaisfa (y— 

^"7^ (TFT/"lS^7^jgiCSj5^wa 
St) w?§5l6<jJiiiADSr<S<.!liaic--ti-3-C^5 d:%x.fco 
[0 0 10] Kot, SSftYI:ttti*a5c3ll*j«^A^Cl» 
* + 5 A\ * fc }4*»**ttK £9 L V > ! w * T'fS^t 

tc:i#as ! ^\ -ccofc.*>co^&> it, 



[0 0 11] L/i^L^/^'o. J:fe^ ; rffl^-5it-#-'«cii 
8 0 0'C^±WieiraMa^£.S>4^fc*iift^t±cofS^ 

ffl ^ fc (SraT" a -tr x co 5: Sfj&fttc £3 W " i ^5 # 

fc'>\, 

[0 0 12] #$8Wtt±8E[y!M/££«*TlS£*lfcfc<0 

sati-****** a- h m%7tm % * fci±«s»-f s fc 

[0013] 

l^^^-rofcsbw^©] *^attBa^t5«^ 
tarn 5 coxa}cisit5^sas!iHfriEa«co2.^*:fflx. 

[0 0 14] *fc, Mco^0jcofg^c!i, ^iii^rtt 

t> -a*r-TSBa^ $-*5^3cr>xm>, sfftem 3 co 1®; 

J: 9 1*?>ftfc&#«:-air¥*$KHIw*J- Lt 1 5 «ISC«^- 

5 ; F^7£^ ; r3ljR^t-^A-r5^4coxm>, ^JD^ 
Sic J: 9 Sfffe^^Tc^^^Alfc-a^iCmilSSt^^ 

[0 0 1 5] tan. *4f!NI*!l*SM$*5lS 

> 1 5 ^ic,S^-5^$i6ft7n^ : r2?y"Vi-oXm> COPTIC, 
j£?|L&!!gic*t L T U - if - jt ^ fc :i^it % a? W"T- 5 IS 

[0016] *-%m<n&*&iteBfitz. mm 

Sg I f^'blSfe= r >"5 - bX'fo'O . ^cOfcJoco^Si: It 1 
5 0lA^ilii*ixfc5c^!cJ:o y j» ^ y >- ytft&ZWmir 

[0 0 1 7] ±E*«5c*£ LtltN i (-. y >r/u) . 
Co ( = '</uh) . Fe (») . Pd (/^•/'Ji) . 

pt (afe) , cu (i , au (&) dsftawcfe 
[0 0 18] £fc. ±E*«C5cae«ry3'? y ^^^-o 1 

5 8l3caicL-C:±. N (2Sf) . P (y» . As (Bt 
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m) , s b (7yf^y) , Bi (tr^^^) a$*iT?> 
m Lti^. 600 c«ia^»o?R4aiaicj:oT y ^t=- y 

5 P2 , Ni2 N 13 P2 * N i 2 ?3 * Ni P 
2 , N i P3 tv^^-WS*: > 9 9 5o 

[0 0 2 0] «±*>»{C, £***tf#fi****B(<a 
SHVk*ftftT5tt«7C*^ LT-y^tttJHLfcSI 

y 9 y ^^i-c^i^SE^fcoo ;:w#!**:fllJBi"5 

[0 0 2 1 ] ±!E»«7C* (&«7C*) «i 

JH^BffL^twttfSrtOo Wx.fi, **gaV> y ^ v 

[0022] t -6^, mx-n^^m ^ ^fl a aS^ * 

[0 0 2 3 ] 

*rfiUB LfcM^Sic J; 9 ^**^tr?g&tt*«WBt 2 
0 5 "rfSo ^ Lt, SSfit£^#<*« 2 0 SlC^tLTU- 
- if - ga W & fr t \ SSaltt^ac S $ n fc^tt^«#B! 
2 0 6 *r1#5 0 

[0 0 2 4] *sc, *a7c*fi0««*rffi:»S"a:/t^*« 

i\ 1312 (D) P tl*^ k-^^^XSSrtf 

9 0 ZfDlim^^ y P7£**:i*«*iC^A/fc*ffl*S (^7 
?y>^5W£) 2 0 8, 2 0 9*5<fctftty y * y >^rB 
«E2 l OiWBeKSftSo 
[0 0 2 5] ^Lt, 2 0 7 ^ L tz 

'&\z.*fy9 y > ^ ^ /*c y> 60 ^ 0 ^\ ^ ^ % ? t ^ \ &y y ^ y 

0 8 , 2 0 9^>^8)c^Oo 
[0 0 2 6] &^y ^ y >^nH«2 1 0(D^i 

[0 0 2 7] 
[SlttW] 

ffl^-c»a^bufc*ft^»WE (#y ->y 

■o, p (y» ^fiffl Lt-y cr/u^y y ^ y >:/t£ 

[0 0 2 8 ] *-f\ B2 (A) jctH-j;^ #7*£ 



S2 0 1 ±{cTiffiBI> It, g?ftSM2 0 2?:^7X 
vcvDiBcj:^ 200nmcoJ¥$:cj£jjj|T£ o 3c mi± 

j^CVDS (^.tiiT'yXTCVDS) (C J: 9 , ^JaW 
Sl*fflt2 0 3 *50nmtf)]S$£l£JiIT3o C^SIJliilO- 
75nra (»S L < {£15 — 45nm) GO/5 5 T* fejfttf ^ 

[0 0 2 9] ^ftK^IRJBlW^JCtj^***^ 
M*i*Bt, «XliSi x Gei- X (0<X<1) * 

[0 0 3 0] *JC, ^ a B aStil2 0 3 WSSfi-ffcSrfT 

i&T 5 f*!S ic+ o > & ^ \, 

[0 0 3 1 ] ST, ^#[Sm*i'C^l>TUVjt%.Batt 
ToZ>iCJ: ^#Fa s S a^Hl2 0 3 60^g{C!H^L^^ ' 

T5o 

[0 0 3 2 ] 3ticny>ryu*- i 0 p pm (USUI) T? 

ft-S^SIffi 2 0 3 (^SSiClsaH ^- y -!r/U$*yl 2 0 4 

[0 0 3 3] i2 (A) iC^T^Sg*rt#fc'o,-S*»ia 
m^teOO 4hrs(75^P^MS^?T^\ ^III®2 

2 0 5^#bix5o (1212 (B) 

[0 0 3 4] ^^b\ C^^a^ftXliiCtSxif.l^^^^i^ 
^g H 9 a y'^xS (#y ->y 3^85) /^^/5Jc$ti5/^, 

[0 0 3 5 ] Sfw, _bf^0^^{^^^^(C^5l >T550 
-700 V (»4L<Ji550 -650 t) corftjSttT 5 w > 

[0 0 3 6 ] _LiS^P^*Q ; S(i^r-^^r--/u (3^ 

[0 0 3 7] *;c, ?#!btlfcaSsH4^«»2 0 5 JC*t L 
-C !>— if-3fe^RH*t*rfT^\ ^a^^^^^rLTt^B+t 

■^f- 2 4 8 nm) £31^3^ X e C 1 rcarv'-r 

(a 2 (o ) 

[oo3 8] *gia«tffli^^*v^^-if-i^^ 
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'< c lb £ ^ -t ^ ^ffi £ # o T v ^5 0 

[ 0 0 3 9] *fc, 112 (B) lC^^ a ^tXm-Ct#£> 
n5SSAtta*8t2 0 5(i^B a B K/S^^^aaiJ(c?^i- 

mm 206 6o^sco^fLii^--@.[^^ l. , wvm ^mt 

* h"^^^ 2 0 7 <7)^;f tt^rl^o^^^abOo 
[0 0 4 1] &JCP (y V) 5E*<0 K-tV/II!:^ 

— tV^ttttR FAS^ 5:20V , ^DiS^iE^r 5— 30keV 
(f-t^{C(HOkeV)iC^L, PtcIH^ K-Xilt IX 

10l3ions/cra2«± L < J* 5X10^ 5X10^ions 

/cm 2 ) "CtTX-fffi^o 
[0 0 4 2] *3b\ »2fi-r5*5P7C* K-t'V^itAI 

eV>L, K— Xjfclt 1X10 14 — 5 X 10 14 ions/cra 2 > 1~6 

[0043] **^-ett*Att^*ai2 o 6 

»< 45»ft*ttS:R£L-CPS# K-tf^xaSrtT 
9wtd s jf*H/% mHigGO 5X10 u ions/cra 2 £^:> K— 
Xa^igSm^-To^, «I 4X 1020 a toras/cm3 iC^i" 

[0 0 4 4] *38W#^<aififflKI<fc*U£, [212 (B) 60 

SiS— ^^^**^*i*fittt lX10l9atoras/cra 3 S 

1 X 10 2 0atoras/cm3 a«EA±»B^*5 «t 0 JC K- fcf ^ 

[0 0 4 5] dCOPTC^^ (D) <7)2 

0 8, 2 0 9-?*Six5W* («T, ^y^yv^^ifi 

?*!)>yfa&2Q8* 2 0 9 P5c**KaS^* 

5 3" > <D ffi « 1 C £ o T # si 9 \ 1 £ Jx 5 « 
[0 0 4 6 ] ±7t, 2 L 0 T'^^n^nl^ («T, 
y^!i>/a*i^) i-. Uv* r^*^ 2 0 7f£J: 
oT»f$eti£7t#>P5c#i2 K-t'^Sixft'^o S£o 

[0 0 4 7 ] ?5tm<n K-e^^XS^«*TLfc5j. > 



h-r^^ 2 0 7 £|«*L/!:f£y y * y >^cofcftco 

jpsfisaa^'fT^, y >^s^2 l o^gmcgs 

y y ^^ffl*2 0 8, 2 0 9IC 

^y>^a«2L 15:115, (12 (E ) ) 
[0 0 4 8 ] ' <7)B*, aollfttoaiias&JlP^iCiil^T^ffi 

r^Sli 500°C«± (»iL<S 550-650 t) i^ixrf 
A^o ifc, Saa^rlHtt 2B*HJE*± (#* L<li 4-12 

ism) i:-*-ixtfa^ 0 

[0049] o a* , *Q&&s^ifi«:fccfco* 

mji£^P7c^60 K-f >|i]«{c, 3?ifi#^s 

[0050] &ib\ a^:c^5^-c, *5iw#'ofi «:« 

[0 0 5 L ] W±fiO«^AD^axaicJ;o-C, try 
^ y V^SSi^c2 L 0C0rtffl(O — o/^r/ufiy ^ ^ y 
$2 0 8, 2 0 9— (5kQ<Ojj$\'<) ^®^^ai$ix5o 

0 8,2 0 Q/SS^SIf'fkL-Cl/^wiriCct ^ Sb* 

[0 0 5 2] ^cL-C, A^-^y^l^oty^^ 
^rM$2 0 8, 2 0 9 ^iitoIit+^C-'y^ 
«a^fS*eix*cA*^^ — >2 L 2^#<b4x5o ^ 
ib\ 12 (E) JC*-*-»^-y^ y >^««2 1 lid*?^ 

r, y^?y^/a«2 0 8, 2 0 9 >i*fgi-3/i]aa$ 

fl#ic-«iC|»*^5wC^a* L^o (12 (F) ) 
[0 0 5 3] [*«W^)3IJfi*#i-HL-C] *38«W* 

/««^?rMtois, ®»o3ftiaaicj:oT»^^^y 

[0 0 5 4] ^ic. ®i(3)/is*«9«co*^:coBe«j"CS>5 

(b) y ^ y v^cofc^coJaffiSQjascjyji-oias^rPBl 

(c) P^m(D : {lAT.WiC^rt^> K-Xf 

(d) P7c^(7)7£Axaic^it^^pism/E 

[0 0 5 5 ] **P^tt±E^7^-^/^fflS«cH«L-C 
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38 9! # 5> 3 5 tT o fc ^ *3 i -t: - A ^ # o n fc & a i C o 

[0 0 5 6 ] If K-ey/Ilr, £Diimi±30keV , 
K-*» 5Xi0 14 ions/cra2"CtTl/\ ^Jl^Pfl* 2 H*ffllC 

H^Lfc*^<orft««#tt*lftWi-5o 12 3 (A) - 
(F) ic^cft£~K^ -rti-rti^Iicr^-zu^L, 
400 ? C, 450 t, 500 'C\ 550°C, 600 5 C <0^R 

[0057] y 

/"Co ZCO+L'^F PM (HF>H 2 0 2 ; r^^X'?0. 5:0. 5 {Cfg 

[0 0 5 8] ^\ 1 
60X200 ^m(0/^-y (SIT. - > i »1~ ) 

14::^^, 4 0i, 4 o 2iift^s/^ y 
4 0 3*y^?!jy/9*?fc5 o S§lfc/^ 

[00591 03 (A) -(F) (D^M^M^-t^t. 

(Dfzft<Di&!£tf&\,^k* J fy? 'J vW^lfilltS; 
[0 0 6 0] ^<n«r£l*^77JCS>*fctco^EI5 

[0061] r^-ev^««fffi«i:«i*ft:ffias 

[0 0 6 2] S 5 T"^ 160X200 .u m</V<^ — 
^T'ic20x loo <n/<# — vconoicoi ^l^^/c^^^r 

SSS/W.ri/K^i^aBT^Oo 20x100 
<n'<# — >-X?*iZ 160X200 iim<0'<$ — > hMM\z. 

[0 0 6 3] ' 0 L-C*38»^ffFffi*f*^S>5 160X20 
0 ,um^7-ycog|:J;^ K — c v 7 II it ^ 
E30keV , K— X'l: 5X 10 u ions/cra2-C-tT^\ ¥ y $ x ) 
y^co^Sfl^Pfl*: 2.B*fS]l£li;£Lfc*S\ -c^fflSiftS 
i^lM5>'^\ BP*>m*^ii600 CttitfeSZt* 

[0 0 6 4] PTcasscisy-y y 



[0 0 6 5 ] 160X200 /i mco^'^ — V0O**-8\ @Hd s 

mm***?** y >^fM«>-R'^:y * y >^rb«^e.«{c 

ffiS + So HPo, '>^<>*j 160/xmil^E5lt^a6H 
^\ ftH^»^/^->^^/i^, ^G«lCJ± 200-25 

[0 0 6 6 ] r^O 160X200 n m > ^ 5 *<0 

/£i"5T F Tc^f*! ^ — ^-oT'Sj!) , -ceo*"? 

[0 0 6 7 ] MjH& 200^mia±>^o^t'l' 

XcoiSt*1«, ft';*-!* — eIH*:»J5E-f 5TFT 

'-J-^ SI 5^20X 100 ^m^/^-y 

[0 0 6 8 ] 3t!c, *asW#oii^?^5«^iBI»tt* 

mz-o^xm^tz* - oO^^T'^. ^S?^^600 = CIC 

X 10 ^ions/cm 2 L Tffo /"^ 

[0 0 6 9] 16 (A) — (F) Id^i-lo^Kf*, ^ 
ix^ti)iSicr--/u^L, ia#ra. 2B#Pfl, 4B#f B 1, S 

249^cO^(^^^-C^C)o 
(tr^(S#ttcO^>fWl^^^ 5 ^-V ( L60X200 n 

[0 0 7 0] (16 (A) — (F) :c^-t-¥S6oa^^: 

[oo7i] -^jiatc^its^w^^coa^^a 

W ( i , F P M to a % SS L T i L ,1 s 35 * U ^ ^ * ^ * 

[0 0 7 2 ] iti, I2 6 wa*^>i!C«LaB#rai(H*f 
•ffiSicoBIMR'tria 7 H 7 -c-i^^^r^^tiAPic 

X^ Qo ^^b\ 7 J ^ rz&n&fi^lOVlrffl^Mz. 
Ztbfi'O X}l<n^±^^< .^o >fS^.riOo @ 
.l2cO*ffl^20X 100 Mm<iO^^->?li, S o iCiaSB*P«5] 
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[0073] ifc, ¥y9 V > ^m^mit^: S I MS 

?T;b^^fl#60— y y/l'Sg^**} 7X 10 18 atoras/cm 3 "CS> 
ofcCOfCjfrL, 8^ra^^"C^ 3X 10 18 atoras/cra 3 tC£ 

/^ffiTPS (*<; 5X10 17 atoras/cra 3 «T) Ki-?f£«£ 

[0 0 7 4] &ib\ Zr-Ct#^tlfc-^^/U2gStt 160 
X200 ix m(Os<7— > CO '11^30 m m 4> GOffilfflS: S I M 

[0 0 7 5] »J:^»^ 0 7 60 160X200 Mtn^ 

-xt 5xio^ions/cm2-c?Ti\ y y ? y ^aaa 

[0 0 7 6 ] LfrLft&h* SaglScO^/u— h £ 

(#* L < It Sff#f^) }C5£»5 w > Id L fc 0 

[0 0 7 7] 3cM, *^0^#^tt^^^S«co»^tt^ 

*:600 t 8B#raSCH£U K— tf>X '<y 

[0 0 7 8 ] ;Lwt?iiJ05£*JES:3OkeV ICH^U K— 
XJ;3: IX 10 14 ions/cra 2 , 5 X 10 14 ions/cra 2 , 2X10 15 
ions/cra2-CSx.fe^^^tCO^-C!2 8 (A) - 

(C) Jc, AQiggJE^lOkeV fCd^L, K-Xft^r ix 
10 i4 ions/cra 2 , 5 X 10 14 ions/cra 2 , 2 X 10 15 ions/cra 2 ~C 
fi/cH'&^^Co^tl] 8 (D) - (F) S£*^% 

^*3, y y 9 y ^y&mnmmxmzift&cD&mji&k 

[0 0 7 9] 18 (A) - (C) (D) - (F) 

JCtt^ESM, lOkeV CDi^t>30keV<7)*§-^i> K-Xfi^ 
ii^JDi" £ IC o T 7L<7> o fflfi J&SfltS"? # 5 o 
Ld*Lfci& s o, £Pi$HJE30keV cO&{4="Ci* 2X10l 5 ions 
/cra 2 T*^:£iC?L/i^§£L^< #ofctf)JcatL, #Pi£*U± 
lOkeV co^l^^tt 5X10 l4 ions/ciD 2 T-SEiC7L/-5S55±L'iC 

[0 0 8 0] 3=/t, 7L<0£a*#< ^ofc*ff-C-«iaLfc 
»«-*:S I M S 'jt%T L fc^JrL WJi-^/^ft 
tt3TBB4"C? fS?5 Stiti^C^^ t? # fc 0 

[0 0 8 L ] "co^^^rii #>TH] L (D 7 y ~7 5C/T^*t" 0 
HUc^^T, SltttSPTnsS^ K-Xi^S)9 % SSttIS 



ii 9 T'^Oo 

[0 0 8 2 ] 01 -SC^-t- t*(C, ^*-?{^30keV CO^JC 
(2 P 7t#60 K-Xfr 5X10ions/cra 2 > L T t> * 3 
X I0 18 atoras/cra 3 60— y L T ^ 5 < 
> {>2X I0l5ions/cm 2 60 K— XJ|^S»Pi"il(i S I MS 
eafcUiTH*T-- y y/i'S* 5 w £ ;*s«M85 

[ 0 0 8 3 ] SSRJCtttoifi^ K-X*-?tfcfctiTISi 

SB« «c & 5 « BB BB « § i jt »J L -C ^ 5 o « ^ Hfit & 
h% ^ t.n^, ^ 'o < -yy/uioJztfy >0QgHtJR* . 

[0 0 8 4 ] a-^T'JilOkeV co^JCJi P 5n^60 

K-Xir^^ < > t 5X10 14 ions/cra 2 >-rtlifS IM 
S cofiltiiTKS "C- y y/u»a 5 C > 3>*fefS 

[0 0 8 5] C60$oC10kwV >30keV iT^o^ffliS 

-fu y r << /U^S^C 5 7t #>T-£> o c > # S IMS »*r*^ 
5tKctfCV^5o SH lOkeV 60^JDiS^i±^ K- t 3 ^^ 

[0 0 8 6] El±^*4S*A^, yy?y>^fc» 
6O^D^^LS?:600 °C SB*Pfl"v?tT9 i'^&ffrt'CaWtf) 
aAtt^SIJaE (FPMM^S/^^!l) *:'#5fc 
»(0^*>L-C, JDiS®E30keV K-X**- 2X1015 
ions/c^Kii-r-o, lEtMiSDiSaiElOkeV T* K— X* 
% 5X10l 4 ions/cm 2 KA±i-i-5Ci^flf* L^C>/i^5t 

[0 0 8 7] L^L/^.ib, 5IISPb1H> L-CflPiSSiEflS 

Oo Scot, ^,^t?liJPj$affilOkeV -? K-Xfr 5X 
L0 l4 ions/cra 2 i^±^^^ C i/MbS^ u^*1*"!?S>0 

[0 0 8 8] t^mmnm^. JPiSaffidUOkeV 

K-Xi^i 5X 10 14 ions/cra 2 i^±-C*^iXi^— y y^ 

35BRtc^^y/u««/i«»lllTPR*-a^'5 K-X» 

[0 0 8 9] 4fc. *5BM#?>d s , TFT5»ttiC»»«r 

[0 0 9 0] >z5"C\ *«^#?>fia:«38»> it y 



(3) 
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9 (a) fiy** y ^vm^Wfoh tt y >%m^^tzm 

^ 19 (B) fi^n ^*ffi^fc4&-&(75^*T*a>5o 
[0 0 9 1 ] K-t*^^^iiAaiiajE30keV , 

K-XI 5X10^ions/cra 2 i L , ? y * \) > ?<Dtii#><n 

a*60l¥ffi^f£li F P MMfSi^ /to 

[0 0 9 2] y>JK-tf>/Lfcl9 (A) tC^-ff* 
j^fi^y^/U^^jcy y ^ 'J ^^StLT 160X200 /i 

riK K-t'>^L/t0 9 (B) iC^i-K^-c 

Ofc 0 

[0093] «±co«tc, #^as^i-y * * y >^ 

[0 0 9 4] *fftK. «U:iC*Lfc*BW#£5C«fc5 3l 

i^^^Oo y >*:ffl^fc^.^ y/ucoy y > 

5. 

[0 0 9 5 ] *«W#?>^ll»"^(ifft«liii!^IS4f 

> ^ a bhtz s i&i&y 3 n -tr ^ % ±a*-f > ^ ? 

•C±ffifflStt700 X (ffi L<ttS50 -650 
Jdtt600 °C) ttiliiJ^L^, 
[0 0 9 6 ] «ia«fWli*^{5ifA^i:^5»* 

-TV h 5c, ±RRI;S:24B*ra (»4L<I4 4- 

[0 0 9 7] ifc % 600 r 8B?Pfl(0»DSlSaS€:*!r»i: L, 

ajBE^lOkeV K— X4*r 5X 10 l4 atoras/cra 3 W-h 

[0 0 9 8] &3b\ — ^y^iSS*" 1 X 10 18 atoras/cra 3 

«TS£-T3o-?+#-?feixli, K-X*;t ixio 13 ions 
/cra 2 EjL± (#*L<tt 5xi0 13 atoras/cra 3 — SXlO^at 
oras/cra 3 ) T'+^ifSciXOo 

[0 0 9 9 ] CS!«« 2 ] *38»«T-(i»SM 1 »fc 

P^¥7-l3O652^£SfE®GO^360i! 2 5r#^iC^"5 <r A 

[0 10 0] £-f\ 0 10 (A) ICio^-C, 3 0 
aff%3RK3 0 3 *S5fiE-f3o it. *'/)±!C|Mfcg# 



353 0 5 ^tx'^^, 

[oioi] z<o^m~*&mnm%<P ! <z}s\,^xuvyt% 

y/U?:i00ppni (M&g) t'^tLt-y^ft»SS 
^*t'>n- hmz^^om^L. MfSfB3 0 3 
c0*5iclfi3»t ^ ^ tr/^mm 3 0 6 'r^i"S 0 (HI 
1 0 (A) ) 

[01021010 (A) !C*H-*ffi*f#fc'o* 

303 ^m^t-to, ^K^mms o 3 co^sa^ - 

f£l> ICiitTi-Q., (0 10 (B) ) 
[0 10 3] Z<Dfe£k<tT.W>zmKli§]-ft&iZ& 

^oo^ B a acom^*T'^o#^a B av y = y ->y 

[0 10 4] Sfc, ZC09#, m£h-it'&<omt±, (D-y^r 
/ucoS»na«3 0 7 (»dH4^*J») , @tg/£SnfW£3 

08 (.^ B s a ^^) , ®««a^a!f*^ofc««3 

0 9 W&K&mm) ^ = ooo»«ic»JB$a3o * 
*^ft(C^M>+ScO(t1Sfi£figH«lc3 0 8 (D&X-h 

[0 10 5] 3c ic, ?#^nt.SfBitSco^*Blic»LT 
u-— ^-^co.ss#t%tT5, rtiici: 9»tJ5Eftnl«3 0 8 
it^tBJc^lt^acS$nt^a H a-l*^B!3 10i4 

(0 10 (C) ) 

[0 10 6] u-1^-^£OBBtt^»TLt-o, u-v'^h 
3 1 1 *:MLt, P (y >) 5c*<0 K-t 3 V^ 

L\*\ (0 10(D)) 

[oio7] ^mmm^tzco K-tv/rivR f-s 

yj20ff , fl0i$HJXiOkeV , K — 10 14 ions/cra 3 "C 

?T9o z(D?7zm<n K-t'>/ili:;.j: 

S«3 13, 3i3^J:0^7^y>«3i4^ 
[0 10 8] Ptc^co K— e> ./IS^»T Lfc ?>. ^ 

* y >-/nI$c3 1 4^F^aS!C?^l?-t-o-^y/u ; r, ¥y 

9 y > 3 12, 313 (^gl60^7^JO ^ 

y >y^«c3 1 5 ^^#bTl3^ -(0 1 0 (E) ) 

[oio9] -<50H$, »D?!ft«! ! a{i^36« i icseoT^iS 



(9) 
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[0110] rit, sif-^-^y^x^xy y > 

?m&3 1 2 , 3 1 3 *|»*-t*5C>"e+»JC-y>r/i/ 

y ^ym$Z3 i 2, 3 i 3 tm&i-zmm&b- 

^ (0 10 (F) ) 

[0 1 1 1] *^^!C0^a a a-ft^S*ffi^/t^, Hi 

o (B) fc*fiiSftfl:i1I<aai-1# ?>il3*rtft«JjE3 
0 8 it, F^O^^/L-SS^tE*— y5r/u*r*JPLfc 

[0 112] IP*>, 35»W Uc^Lfc^a^t^J:^ 

0, «L3H3M»J*:S< L#9-*-5#£\ :/n-tr*Wfc^ — 

[0 113] C3?Jfi«3] **«flW-?{±N^-ir-*/u®T 
FT> Pf ttwuST FT> ^fg^^iCffl^^/c C 
MO SEK^rf^S-^axS^Uco^-CSiM^-So 

(0 1 1 4] 12 1 1 (A) SCJa^T, 1 
ffi, 12JiTifeH, 1 3fiN^*/U£!TFT<aSf£ 
MIlPft^^STFTWiSttJItfeSo fSM 

13, l 4(i8*J;t:SEI2 (F) ^i^^->2 12t* 

[0 1 15] ^yXvCVDS^fcl^E^CV 

j&jUR 1 5 rMtoo (B 11 (A) ) 
[0116] #cic, T/i^ ~*i**:£j5£#i:f 

(7)S*T^fi]«-r 5 w £ -e#7L»tfcco|»ffiK>ftfflt 16,1 
7, MMMftil8, 19, ^ h«S2 0, 2 

[0 117] h^1S2 0,21, £?LS#W 

»«lMfcJBtL6, l/?:v7^Lty>{ h«15 

to, ;9Lt^F«2 2, 2 3£>»SMS»tHL 
fc^S^^Oo (SI 11 (B) ) 
[0 118] NS^^to^^ty^-ft 
y^^f-i/a WfiifciST^X-T K-f^lfcSrJB 

[0 119] ZcOftff, .^Di£ J SJE^ig^^T^^W^>' 

ffliSc (^^S^iSSlS IXlOlS-w ixi0i9atoras/cra3 g 
[0 12 0] 5 oi-, 2Ia3Bco^fM^aS*0Sr(SJniSaJE 



SUM* 500 QWT (#*L<li 300 QWT) 

[0 12 1] WJi^Il'rgt, Nfr^^lTFT^) 
y-^Il|24, b*l"(>mt&2 5 , ffia*^*E«3«« 
2 6, ^Y^^JKritHB«2 7dSJgjfi$nSo ^*3, w£> 
# US -C(iP^--r*^STFT<?5 gftS t> N T Y * / US T 
FTOf§fel^^3i:*ffi^^o-C^Oo (Sill 

(C) ) 

[0 12 2] Nf V-t^ST FTrioTU^ 

ap % t t 5 o ~ v> it o sir 3£ <^ ^ sett as ad is > m m ■< - 2 

fi«fc 9 4 o 2 - 3 »SS<a*»!ft>r *>^^D L<£ < "Ci£ 

[0 12 3] ZCOm^LX. Pf^^uSTFTfiOy- 
xg«2 9, KUY 3 0, f£»S^SE«>iS*3 

1, f-Y^/U?K^a^3 2^jgfig$ix5 0 mi 1 

(D) ) 

[0 12 4] K±<0»lcLtgffil^SaLt5), ?T 

[0 12 5] JfciC, JiRS]%lftfll3 3 ^ 500nraCOi5$tC^ 

[0 126] tit, h^:— /UrMLt y — 

^5£,S3 4, 3 5, KtW >ISSS3 6 rMLti 1 1 

(e) ic*f *sbs:»"5o Tkmnmn^x^M 

[0 12 7] *3?J£CT-C7Fi-CMOSlHiSit-< ^ 

■CNANDIUS, NORlHlBcoSI/^S^iaiaisIH^BfiS: 

[0 12 8] Sfc. «±60«*CL-CS5fi£LfcTFTttf- 
^^/ujgfiEffli|!c2 7, 3 2 ^^copfSgcogf-g-ffliC^ ^ ^ 

ttcofli^TFT, CMOSElffi, 5 'o ;c:i*M9f*lsJiS& 

[0 12 9] cfcic, *«W4rW«LfcTFT<so*««H* 
(TFTStti Wliiio) > *SS!fl SrPlffl '^^^T F 
T >^m^t±?:it^tTm^i-5o ::T^tTFT^ 
FtE (Vg) , jttttld Ku^aSt 



(10) 
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(Id) (Dtt&Zt^xyu y Y Ltz^77X'h'0 . Id-V 

g ftVk (id-Vg i Wi&5, 

[0130] 112 (A) , (B) IS>-*>f> tN^-f* 
^STFTCTFTWttft!), Bl2 (A) 
Uy^lrSiL-tTFT, 112 (B) l+y^yv 
^fca*ffi«!Ffc^TFTOT3»tttt--?a>.5. fcSJ. Ell 

2 (A) , (B) iii'^ib *o(i.f:W3 OiSoOTFTiCO 

[0L31] i^, 112 (A) , (B) ii^rx-^- 
5*iSKW>SI± (Vd) %t4ViLfcS^ror-? 
T'&ci, M^a> j Ki'-f V^IHE^ 1 Vt LtzWraV) 

7-'—?VhZ>„ y-Y N^/E!S-20V~20V Wteffl"? 

ji&EHwSEflrr 5 fitted* fcix. *^{ci£ri;r KU"T V 

[0 13 2] HIl 2 (A) lCoi,>-CRMi-5. HI 

12 (A) iC^-t-^^N^^^/L-gjTFTWt^-. m-2 
0V~0VW^fflT'T F T/iS^7^agJcS>5^. &¥n*7 
m,VZ8 1 (Vd=14V OT^g-) , 8 2 (Vd=lV(Oi§-g-) # 

[0 13 3] Sfc, y-T hSE^OVlciL^Hi 

®(-gj9&£>5c bZMMLXis*) . - <m#o id-Vg A 

[0 13 4] yV hHJE#0V~20V OTSEfflT-fS 

TFTtfS^sfcffifC&Sfctf). *>WM8 3 (Vd = 14V 
fiO**) . 8 4 (Vd = lVcoi#-£-) itj«n5. -co^-v^; 

[0 13 5] 3:1^ ii 2 (B) JCiJ^T t(5]«fC^-7 
«3«8 5 (Vd=14V 75^) . 8 6 (Vd=lVro*fr) is 

XL^>MtM8 7 (Vd = 14V «0*§^-) . 8 8 (Vd=lVCD 

•Plfi^'o^Kii 1 2 (A) WTtyftmi: 
[0 13 6] EP*>, Hi 2 (A) -Ctif 7-9M8 1, 8 
(B) "C*(2?#',c;t-7^;3fE8 5 (TV^y^jtLi^i^i: 
[0 13 7] **W*?>ro*nj&Sc.fcftjf, T F T<£>?iH4 

T F T 5r Bfig L /"t !c ±i£co ■* y -%M<n,< 7 y* 

[0 13 8] 1112 (B) •SC*-+-TFTOT««^*ftJii 
L Tib" 9 , Sttflf OTtt«5c»iC J: 9 

1112 (A) !Cjn-*-«Hc^-74BtWlf5>-3 



[0139] /£ib\ m 1 2 '-liNft^yl/ST FT!:o 

[0 14 0] Hi 2 (A) iaiWHl 2 (B) 

!-'TL/!:**W4« r Srjit/t.Lt^7 74iai 3 ( A ) \ 
(B) iC^-T, £ib\ a l3 (A) !;,Tt/7 7ij;t7 

«S«aw. 1113 (B) !;,Tt/7 7|i*fy 

<OJE*»*»^SL-C*i9. 5 4 
0«OTFTi:oKTOf-^*itf LT5>o. 
[0 14 1] :mi)'i/77STFT^X77 + * 
»ffi+5±-7*a-ca>5 0 Mitf, 1113 (A) 
i. y** y w*g-!i»^w^-7*SK*^a P A 
~&-|-pAg£?) 7 -y ^(^ iciK * 5 (c*f , 
> ^ 4* L «0«^,'i»pA~«:nA<0 7 y *as*» $ *x-5 0 

[0142] an*, 7*-^»*a>ji.ic-ri, -cca^- 

[0 1 4 3 ] SfoT. 1] 1 3 (A) X'.tf -y9 'J 

9 w»&:c,'±iE«»*{cBS 5 as. y^ L ^ 

'■/fteL 5 4 0|®<75TFTC09*>, .^80% (4 
3 0iSS) ttl0pAS*03ffl[!CiClS5ds. 1 
ofliwTFTJi i~2 ffffc^fcfcOTcjfco-CLio:: 

[0144] zomtim&ti. ±asw«*a*ic«t9 3g 

^ L T ^ 5 > # i it -5 „ 
[0145]Sfc, il3 (B) Wt^eDf^fW 

'<7 k y *fii>b $ ^ ~ > ^f! 5, 4 V *>\ yv ^ y > t*(7?^- 

y > L fS«{c^e f!/f^ Hw/jN i^TFT 

[0146] cw^ni. yy?y>/4^«^, TF 

[0 14 7] CW^iCO^T, *«W#i(**«o«k: 

— P*IS*r^egLT'/^. wixdST FTtdf^ffifwdp-r y r 
[0148] ^3fi«sj l LfcXMWJS^-. fi6«)|Ci 



*S*^So 

[oi4 9] *c-e*38K#'o(4, wafc^j-X-Mi 

y y9 y vyfeLS^tT^ - y¥^> ] ) ^^b<n%£ 

-ts«& w t > 0 > 9 ^-x/u b^x. 0 So 
[0150] 8fot, 013 (B) tOTH-»*£*t1" 

So 

[0151] *«w#'ottia 1 1 (e) K^-rc 

[0 15 2] «±<Z>Ss*a*$>, *SfliSTFT«ptt^ 

[0153] imm 4 ) *3H6«-ett3?3S« 3 b tt» 
# 5 « it T F T *: ft fi 1" S ^ ffl { C o ^ T K 9! T 
S., Sf*W^ii#h^y>f h5!T F T^AlWiMtfc 
5 i2 * * # S T F T *: ft Si "t 5 * * t* 

[0 1 5 4] 12 1 5 (A) IC^t^T, 4 li*#7*S 
ffi, 4 2i±T«&JBI, 4 3!j:^ttWt^6^ M 
4 4S4^ hi(ft«»B!, 4 oli^AR^*!*, 4 614 

So (H 1 5 (A) ) 

[0 15 5] ^\ T-**T ~-MC&^X 5 

00—700 X,<T>tR&."W v 9 ] J > ^Xm^Tr>nS<7)T\ 
-r^i&jKSdffrx. -5 6TO?r^ h*S4 3 £ Ltttif 
S^S^ 5 foSo 

[0 15 6] 3ciC % ^B a B{t^^^^j}a^S*:tT^\ *s 

{csex.tffit/> a m 1 5 (b) ) 

[0 15 71 uv'* h-^^^ 4 8 *WLVX=-vtr 

9, 5 O^oct^y -y * y ^ym&o 1 J&SJB/££*LS 0 
(El 15 (C) ) 

[0158] 3c jc, ¥ y $ y ^^(Dtz^xnnmMm^n 

^\ &y y^ 7 y >ygSi^5 1 Pvo~*y y 9 l J > 

^^J$ 4 9 , 5 0 {C^cO^friCfr/^o -C^tfj^itSo 
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y*y>^»«) 5 2jSq»*>jh,5a (Ull 5 (D) ) 
[0 15 9] 3c JC, ¥y9 y vyxHiCJ:oT?#bttfc 

ayy^ y >?m®o 2*'<9-->7Lxis\tmD 3 

y=5-^if V y<— hW&tlZ) 5 4*:S2tt5, (12 15 
(E) ) 

[0 1 6 0] 12 1 5 (E) <7>3#jB;&S?#'oftfco, NSr 
M^S^ a B B-tt^^I?rJrMLT^'^-^v^^fflL, y 

^(C, y-^£»5 7, >SE8I5 8 rMto 0 

*LT, *S^^*^7k^ftS:?To-C[21 1 5 (F) ic^ 
-Ti^^^^MT F T^^/S-fS, 

[0161] i^mmo) Mj&wsxmm Lfc«fc, * 

^r"C?£^> So 

[0 16 2] fit*, ^-7agfce0^7'y^»*> It^^ 

£■ ^S^tcm^^T F T ^iSRUciH^J L 

[0 16 3] -rcofctfK ifix^^ 1 ooot F T"?^-7S3S 
^S^ft^r^ L T h ftfico TFT ^lESi-Kj^-t-tLi^^ 

(f ^ ^ 5>2J^£iii S S ^ , TFT^ ±m<t-f S i ^ 9 7 s - 

^ y ^ h/^noS. 

[0 16 4] tZ^>X\ i«B H B*^3SacoiB*«*S*i 
^^^^<t:c: ,-o^^ixSo ^fctf), -^/u-^y^ h 

So 

[0 16 5] StoT, Bc3t£<7)^/u^-y-f hWif-vfllBSQ 

fco 

[0 16 6] U/^L^^o, *»KaDTFT;i^«JC^- 

[0 16 7] Sot, *^^lffltowi?TFTf 

[0168] C^5S^I 6 ] ^Ifi^JT'Ji^S^eraffl L 
/--TFT ^rffll ^-C^^^a^tS^tS^OPJ?:^ 



(12) 



[ 0 16 9] , 12 1 6 tz£l-<nteT 9^4 bV 9 * 
-[hISS^d v y ? OK* CMOSE1B 

[0 17 0] ^|3t'CMOS@^«5t (T 

[0171] *i\ |?Jfigi]3lC?SUfcCMOSlHlB^ 
,lII!:Sot, 12 1 6C0&ffli](nCMOS!lIK*^ft-r 
5o iS*TFT-30«3ti±CMOSIsIHSr»«-t- 

[oi7 2] cMosE]a^±ic{±flrsn±»ffiHi-e*5 

6 2 ^lEScnOo *^ffi^!-C'!^^'y y 9t^9 

6 2 £rllj^-v h y 9 *{El&(D±jjcn^ ! <ztZrtx*^Z>ZK 
CMO S@B<^±*-(C»tt5«rici: Ltfefit^ 

[0 17 3] ^77^7^6 2±*ci±wawm**o! 

7^f^^hli^I«>(iTFT 

# ss« $ n #t n <n m m * *t-n 

[0 174]ifc, 6 6tt^[£lS« % 6 7ii3W**8l 

h y ?*S«as*««;&M*rt$ft5o 
[0 17 5] ±fc, T^f^vMJ ^*Si« B 9 B ?r^=£ 
fic0^il£[2 1 7{£ffiBWtL"C*i-, 12 1 7;c^^t, 

7 1Ji#7*S.ffi, 7 2 ItTiffiJUl, 7 3 JiHijlt^ h y ^ 
^[e3£§, 7 4{^y-x KU-f EIJS, 7 5I^VFK 
7-</<— |5JH % 7 6 f*a v ^ ^ElK^feOo 

[0 17 6] ayV;@87 6 tt/£J&3*JJCI2T F T T*t8 

h y ^ K7 m8£i*F(£tl"C^3lsIK£ 

[0 17 7] [5BB0H7] *5?Jfiff!-?}?, *J8W«:affl 
L 5 5*«»SBco-Wi Lfc»#m 



[0 1 7 8 ] [2 1 8 (A) /u=r> t* a — 

9 , *f*2 0 0 1, ^>7S2 0 0 2 t 2 0 0 

3, »^>f7f2 0 0 4, $*SB2 0 0 5 ti^ 

So 

[0179] [218 (B) Ji-y K-^> hfV^^U 
-< "Cfe <9 . **2 10 1, ^^12 10 2, '<> Kffl 
2 10 3 ^M^tlo., *389J(iS^SiI2 1 0 2 1-Cig 

[0 18 0] [2 18 (C) fi;*7— M^'-Jr-v 3 ► 
A^£>9 , ;£ft2 2 0 1, 1^12 2 0 2, SifM>f 
2 2 0 3, 7>rt2 2 0 4'C»S$iXg o #3891 
(H^12 2 0 2 ;cg^-t*6 ~ >/1^'?o 0 
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